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SUMMARY 


The compressive "buckling stress of outstanding flanges reinforced 
hy "bulbs "was determined "by the torsion— "bending theory for flanges having 
54 shapes and a range of lengths. The edge of the flange opposite the 
"bulb and the loaded ends were considered simply supported. The results 
were analyzed to determine the shape of flange that gave the greatest 
support to the structure to which it was attached. It was found that 
the flanges capable of giving the most support with out torsional iiuckling 
had over-all flange widths from 1.9 \/^ to 2.6 \/ a ^ , where A^ is the 

cross-sectlonai area of the flange. 


INTRODUCTION 


Flanges reinforced with "bulbs are widely used In aircraft structures 
to stiffen the stressed-skln cover. They are also generally used as the 
stiffening element of wing "beams with an I-sectlon (reference l) . 

The outstanding flanges In such structures have a tendency to fall 
under compressive load "by twisting of the flange with respect to the 
rest of the structure. This twisting is accompanied hy a translation 
and rotation of the reinforcing hulh. Such a fallixre Is Intermediate 
between torsional instability in which no cross-sectional distortion of 
the structure occurs (considered by Lundqulst and Fligg in reference 2) 
and local instability in which the lines Joining component plates in the 
structure remain stral^t (considered by Lundquist, Stowell, and Schuette 
in reference 3) • 

A survey of standard aluminum-alloy extrusion shows that the shape 
of most reinforcing bulbs is either rectangular with a rounded end and 
a fillet at the Junction of the bulb and the flange or circular with a 
fillet at the Junction of the bulb and the flange. In nearly all cases 
the bulb is found to be fastened to one side of the flange to leave the 
other side flat. 
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In the present paper Bolutlons are given for 54 flange sectionB 
reinforced hy rectangular and circular hulls , The- huckllng stress is 
given in each case as a function of the flange length. The various 
flanges are compared with respect to their effectiveness in stahllizlng 
the structure to which they are. attached. 

This wort was conducted at the National Bureau of Standards under 
the sponsorship and with the financial assistance of the National 
Advisory Committee for Aeronautics. 
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cross-sectional area of flange 

cross -sectlo23al area of sheet in sheet -stringer structure 
flange width from hase to hull center 

width of rectangular-type hull from free end to center line 
of weh 


torsi on -hendlng constant- for twlstlrg of flange about simply 
supported edge, with warping displacaoent taien as zero at 
simply supported edge 

Yo\mg' s modulus 


tangent modulus 
reduced Young's modulus 


41CT! ' 




shear modulus 


E 


2(1 + v) 


Poisson's ratio 

moment of inertia of sheet-stringer structure for hendlng in 
plane parallel to plane of flange 

moment of Inertia of flange about its hase 

polar moment of Inertia of flange cross section about simply 
supported edge 

torsion constant of flange section 
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k numerical factor in formula for plate -type failure 

L effective flange length 

critical Euler load of sheet- stringer structure 
R fillet radliis of rectangular- type hulh, eqiual to t^^ 

E-j_ fillet radius of circular-type hulb 

Eg hulb radius of circular-type hulh 

t flange thickness 

t^ thickness of rectangular- type hulh 

critical stress for torsional Instahllity 

SHAPE OF RETnCFOECED FLANGES 


The shapes of the reinforced flanges are shown in figure 1. They 
include 27 reinforcing hulhs having essentially rectangular shape and 27 
having essentially circ^llar shape. 


AKAIZfSIS 


The buckling load of a flange in end conpression depends on the 
edge condition along the line of attachment to the structure and on the 
type of instahllity. The type of instahllity, in turn, depends on the 
edge conditions, dimensions, and conpresslve stress-strain curve of the 
flange . 


Edge Conditions 


The edge condition along the line of attachment to the structure 
was chosen as sinple support. This edge condition was chosen as character 
Istlc of a sheet -and-flange comhlnation of optimum design, in which 
buckling in end conpresslon of both sheet and flange occurs at the same 
load. For an explanation, reference is made to figure 2, in vhich A 
is the flange and B is the sheet’. 
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Ths function of the flange in flgu^ 2(a) is twofold. It should 
add enoa^ flexural rigidity to the sheet to prevent displacement of 
the sheet normal to its plane along the line of attachi^nt C and it 
should carry its full share of the load. Sufficient flexural rigidity 
can he obtained hy Increasing ther width of the flange, hut this may 
lead tor huchllng at low loads, as illustrated in figure 2(h) . Collection 
of some of- the flange material in a reinforcing hulh at the free edge of 
the flange will usually Increase the huckllng load without loss in 
flexural rigidity. (See fig. 2(c) .) 

In the optimum sheet-flange combination the sheet will buckle with 
a nodal line along the line of attachment C, thus offering no restrain- 
ing moment to rotation of the flange about- C . It follows that the flange 
may he regarded as simply supported at“C for the buckling of such an 
optimum sheet^flange combination. 

The edge condition along the two loaded ends vas assumed as simple 
support also. This Involves no loss in generality since it is shown in 
references 4 and 5 that~other conditions of^estraint at the loaded ends 
can be taken care of by using equivalent siitgply supported flange lengths 
in the same way as equivalent sin^Jly supported column lengths are used 
in column, analysis. 


Method of- Determining Buckling Loe.d 


A convenient approximate method of-determlnlng the flange buckling 
load when reinforcing ,bulbs are present-ls that based on the torsion- 
bending theory. This theory assumse that no cross-sectional distortion 
takes p]ace in the flange. In the appendix this assumption is checked for 

the special case of a flange of constant- thickness with — = 2 and S. = 5, 

b b 

for which an exact solution Is available. Figure 3 shows the transverse 
deflection according to the "exact" theory together with the stral^t 
line coiure spending to no cross-sectional distortion. It is seen that 
for a fDange length of five times the fl^ge width almost no cross- 
sectionEil distortion occurs) whereas for a flange length of twice the 
flange -vridth a sli^t amount of croBB-sectlonal--dlstortlQn occurs. The 
critical stresses were also computed for these flanges. The critical 
stress according to the torsion— bending theory differed less than I .5 
percent from that according to the exact theory, rt will be assumed 
in the analysis that reinforced flanges buckle like flanges of constant" 
thickness, so that the torsion-bending theoiy is applicable as long as 
the flanges are not short compared with their width. 
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Torsional Instability 


ThB critical stress for torsional Instability In tlie elastic range 
is, from eq,uatlon (l) of reference 2 : 


cr 

cr 



Cj^E 



( 1 ) 


It is shown In reference 5 tlaat eq^uation (1) gives a good approxi- 
mation for the buckling stress In the plastic range if Young's mxDdulus E 
Is replaced by the reduced modulus 


It-TO* 

( 7 ®“+ 


(la) 


where E' la the tangent modulus for stress at which reduced modulus 
is desired. 


If the critical stress In equation (l) Is divided by the reduced 
modulus and Poisson's ratio Is taken as V = O. 3 , which is typical of 
aluminum alloy, 

for _ % ^ 

Er " 2.6lp Vp 1 ? (2) 

The values of I^, Ip, and C for the flanges shown in figure 1 

were computed as outlined In equations (i<-) to ( 7 ) of reference 5 . The 
values of Ip and C were con 5 )uted with the singly supported side of the 

flange as the axis of rotation. The results for an arbitrary flange 
thickness t are given In table 1. The constants for any other flange 
thickness can. be confuted from the conditions of geometrical similarity 

by noting that I^ and Ip vary with t^ and that C varies with t^. The 
cross-sectional area A^, and the moment of Inertia Ij, of the flange 
about Its base are also given In table 1 . 

Equation (2) shows that the critical stress for long flanges 
is controlled by the ratio Js^T^ and that for short flanges, by the 

ratio C/^jIp. Values of these ratios are given In table 1. ~ 

The largest value of Im/l was obtained for flange 46, which 

7 ^ -h . Ro 

has a circular bulb and for which ^ = 5 , = 2 , and 


= 0 . 5 . The 
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largest value of was obtained for f lajige 9, vhlch has a rectan- 

gular hulh and for which I 5 , ^ = 6, and = 2. 


The flexural rigidity for "bending in the plane of the flange may 
"be measured "by the ratio given in the last column of table 1. 
The largest value of was obtained for flange 39 , which has a 

. V - - 


circular bulb and for -vdiich ^ 

"t 


15, 


1 . 5 , and ^1 

Eg 


0 . 5 . 


The stress ratio 


for buckling by torsional instability 
according to equation (2) is plotted against the length ratio hUk^ 
in figures 4 to 9* Elgures 4 and 5 give stress ratios for the relatively 
thick flanges ^ = 5 and ^ of type A (rectangular bulb) and 

figures 6 and 7 give those for the thinnest flanges >= 1^ of type A. 
Figure 8 gives stress ratios for 12 of the relatively thick flanges 
[ ^ = 5 <Jnd => 10} of type B (circular bulb) and figure 9» those for 

/ / *u \ — 

the thinnest flanges I £ =* I 5 ) of type B, The results for six of the 
thickest flanges (— = of type B could not be plotted in figure 8, 
since they had values of stress ratio 
all values of L 


//%• 


''oo^r Buster than O.OlS for 
The stress ratio of these flanges decreased 


in the sequence 46 , 49, 52 , 37 ^ 40 , 43. The ratio was chosen as 

abscissa since it is constant for flanges of a given length and a given 
cross-sectional area. Conparlson of ordinates for a given abscissa 
will, therefore, show the effect of changing the distribution of material 
in the flange. The buckling strengths of the flanges at first decrease 
rapidly with increasing flange lengthj they tend to approach a constant 
value as the flange length becomes very large. 


The sequence of the flanges of type A, with the rectangular bulb, 
for Increasing critical stress ratio ^ fixed value of 

changes rapidly for values of < 25* For Values of 25 the 

critical stress ratio for the thick flanges = 5 ) is consistently above 
that for flanges with ^ = 10 and — = I 5 . At ~L = 80 , a, 
varies from 0.0014 for flange 27 to 0.0127 for flange 25 . 


^cr/®i 


In the case of the flanges of type B, with the circular bulb, toe 
sequence for Increasing values of at a fixed value of "L f/k- 




remains almost unchanged for values of Ly(/(^>20. The critical stress 
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ratios for the thiclc flanges ^ Is consistently atore that for the 

thinner flanges = 10 and ^ = 15jfor values of Ly(/A^ > 20. The 

critical stress ratio increases rapidly vlth increasing hulh radius, 
other conditions helng eq.ual. The effect of the fillet radius is 
relatlTely unimportant. 


Plate Instahlllty 


The critical stress ratio for flange failure duo to local Insta- 
hlllty, in which the part of the flange "between the "base and the "bulb 
falls as a plate, was computed from the formula 

for ]ca^ tf 

®r 12(1 - V^) 

The coefficient k was taken from table 31 on page 339 of 
reference 6, by assuming the flange to buckle as a plate of constant 
thickness, slu^jly supported on four sides. This edge condition is 
appro x i ma ted when a large proportion of the flange material la con- 
centrated in the bulb or idien the ratio of flange thickness to flange 
width is relatlTely small. The confuted critical stresses were found 
to be consistently higher than those for other types of instability. 

It was concluded that this type of failure Vould not occur in the range 
of flange lengths considered. 


Euler Instability of Sheet -Stringer Structure 


The effectlTenesa of the flanges in preventing instability by 
Euler column buckling parallel to the plane of the flange was con^iuted 
as follows for a sheet-stringer structure in which the stringers consist 
of the flanges that are being studied. The neutral fiber of such a 
structure will be close to the line Joining the flanges to the sheet. 

The buckling load of the structure is given by 


jiBe^I 

^or ~ “ 2 

Xi 


Rearranging terms gives 
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An appro:idiiiatlon to I Is ottalnad In many oases ty neglecting the 
oontrlhutlon of the sheet and taking I as , the moment of Inertia 

of the flange about Its hase. In this case. 







1 


( 3 ) 


The "ralues of ly are given In table 1 . 

The most efficient flange for a given stress ratio cf(;j./®r 
length ratio vill be that having the highest value of AqJa^, 

Equation (3) shows that this most efficient flange correspoaads to one 
having the hipest value of that Is, the largest- radius of 

gyration relative to the base of the flange for a given cross-sectianal 
area. It must be remembered that this conclusion assumes that no other 
Instability occurs before column failure. It rules out the flanges 
with large values of Ijy^^ which fail by torsional instability at a 
relatively low stress. 

Approximate values of AqJa^ 'for the most efficient flanges 

capable of resisting torsional buckling under given conditions of stress 
and lengrth are given in table 2 for values of critical stress ratio 
c^crAr 0.005 to 0.015 and values of length ratio Ly/A^ from 20 to 

80. The flanges are given in the hable are cLrawn to scale of equal 
area In figure 10 . It was found that flanges 1 and 37 vere the most 
efficient theoretically for high critical stress ratios and low length 
ratios; flange 28, for medium ratios; and, flanges 3 and 47 , for low 
stress ratios and high length ratios. The five flanges which gave the 
most support without torsional buckling had over-all flange widths 
from 1. to 2.6^. 


COKCLOBIONS 


The buckling strengths of the flange shapes cansidered were 
evaluated In terms of- a dimensionless parameter corresponding to hl^ . 
torsional buckling strength for long lengths, another parameter corre- 
spondln^5 to hl^ torsional, buckling strengths for short lengths , and a 
third peirameter corresponding to hl^ Euler column buckling strength of 
the structure to which the flange Is attached. In general, flanges 
having high values of one of these parameters have low values of the 
other two . 
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The most statle flanges were those that combined high strength In 
all respects. These flanges had over-all flange -widths from 1.9/^ to 

2.6y5^, -which correspond to a relatively compact cross section, where 

Aji Is the cross-sectional area of the flange. . 

National Bureau of S-tandards 

'Washington, D. C., August 27, 19^6 
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APPENBrX 

BUCKIZNG OF A UNIFOEMiy COMPRSBSED RECTANGULAR PLATE 


An ©xaot solution for the huckllng of a uniformly compressed 
rectangular plate simply supported along the loaded edges and along 
one edge parallel to the load and free along the other edge parallel to 
the loeid Is given In reference ?• This solution states that the huckle 
deflection W Is given "by 

W = A sin 22E (slnh ay + B sin py) (Al^ 

a 


where 

A arhltrary constant governing "buclcle ang>lltude 
X oocrdlnatev In direction of load with origin at one comer 
y coordinate transverse to direction of load with origin at 


one comer 
a length of plate 
h width of plate 



Ic = factor proportional to huclcllng stress ■ o 

3 (a^oF - Vjt^)slnh ah 
(a2p2 + VTt2)sln pV 

h thickness of plate 

D flexural rigidity of plate 

V Poisson's ratio (0.25) 
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Th.e 'buokle eliape vas computed from eg.uatlon (Al) for two plates 
with, the following characteristics: 


a/b 

k 

aa 

a^ 

ha 

hP 

B 

5 

0.506 

6.71 

5.02 

1 . 3 ^H 

1.005 radians or 57*6° 

mm 

2 

.698 

5.13 

2.57 

1 j 

2.567 

1.285 radians or 73.7° 



The deflection along the transverse center line Is shown In 
figure 3 together with a dashed strai^t line oooneotlng end points for 

— « 2. For ^ 5 ■fclie transverse center line remains suhstantialljr 

straight under load. A plate with 5 . * 5 has, therefore, practically 

h 

no oross-aeotlonal distortion, whei?eas comparison with the strai^t line 
shows that a plate with ^ " 2 a sli^t amount of distortion. 
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TABLE 1 - CaRanABTS IBED IS BQOATIQS ( 2 ) 50E I?KEBrOHC5KD IIASGES SHOWS IS HGDEK 1 


Heluforoing 'bults of raotangular isbape 


t 

b 

bi 

b 



C 


Ip 


C 

h . 

■ 

(In.) 

t 

H 




(In.^) 

(In, 2) 

(ln. 4 ) 

Ip 



1 

0.2 

5 

2 

2 


0,207639 

0 ,009181 

0.331706 

0:197699 

0.03076 

0.1334 

1.7966 

2 

,1 


2 

2 


.171985 

.008987 

.231706 

:i 62803 

.01620 

.2255 

3 .0324 

3 

.12 

15 

2 

2 

.023884 

1,682248 

,304966 

.642728 

1.586931 

.01419 

.2821 

3.8415 

4 

.to 

5 

4 

2 

.050185 


.322563 

1.056706 

2 :o 97994 

:02295 

.1396 

1,8789 

5 

.16 


4 

2 


.670553 

,081296 

.420292 

.638325 

.00706 

.2883 

3.8136 

6 

.08 

15 

4 

2 



.014411 

.188414 

.178660 

.00479 

.4052 

5.0327 

7 

.24 

5 

6 

2 


.234849 

.010501 

.349073 

,226593 

.02441 

.1282 

1.8596 

8 

,12 


6 

2 

.000947 

.164131 

.009921 

.205073 

.157113 

.00577 

.2948 

3.7359 

9 

.08 

15 

6 

2 

.000433 

.ItoSto 

.009862 

.157073 

.133952 

,00308 

.4458 

5 .to 93 

10 

.24 

5 

2 

3 

.007495 

.265232 

.005935 

.372292 

.259951 

.02826 

.0601 

1.8755 

11 

.32 


2 

3 

.001913 


.005354 

.228292 

.189391 

.00989 

.1214 

3.6339 

12 

.08 

15 

2 

3 

.001209 

.169649 

.005296 

.180292 

.165871 

,00713 

.1732 

5.1029 

13 

.24 

5 

4 

3 

.005667 

.201175 

.003504 

.329073 

.197776 

.02817 

.0529 

1,8264 

14 

.12 


4 

3 

,000880 

.130457 

.002923 

.185073 

.128296 

.00674 

- .1210 

3 ,7456 

X 5 

.08 

15 

4 

3 

.000367 

.107168 

,002865 

.137073 

.105136 

.00342 

,1949 

5.5956 

x6 

.36 

5 

6 

3 

.027570 

.912754 

.029686 

.709073 

.898838 

.03020 

.0459 

1.7877 

17 

.18 


6 

3 

.003756 

.555839 

.023072 

.385073 

.548108 

.00676 

.1077 

3.6964 

18 

.12 

15 

6 

3 

.001292 

.438301 

.022to8’ 

.277073 

.431198 

.00295 

.1844 

5,6168 

19 

.24 

5 

2 

4 

.0061^ 

.209672 

.002330 

.335414 

.207017 

.02942 

.0332 


20 

.12 


2 


.001173 

.138462 

.001749 

.191414 

.137086 

.00847 

,0660 


21 

,08 

15 

2 

H 

.0005^ 

.115013 

.001691 

.143414 

.113776 

.00492 

,]j024 

5.5318 

22 

,48 

5 

4 

H 

.087645 

2.780794 

.0999^ 

1.244413 

2.748332 

.03151 

,0289 

1.7748 

23 

.24 


4 

H 

.012033 

1.652033 

.062801 

.668413 

1,639172 

.06728 

.0569 

3.6689 

24 

.16 

15 

4 

H 


1.280315 

.059065 

.'476415 

1,269452 

.00331 

.0968 

5.5930 


.24 

5 

6 

K 


.162182 

.001278 

,303268 

.160364 

.03308 

.0260 

1.7436 

26 

,32 


6 

K 


,091756 

,000697 

.159268 

.091154 

100767 

.0477 

3.5935 

27 

.08 


6 

■ 


.0^65 

.000639 

.111267 
1 


.00324 

.0838 

5.4993 
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TABLE 1 - COUBTAIIFES USED lU EQOATIOH (2) JOB EEI2CFOECED JLABGES SHOWN IN EEGUEE 1 - Concluded 


Beinforclng bulbn of circular ghajs 


Flange 

t 

(In.) 

■b 

t 

B2 

t 

Hi 

«2 

It 

(in.^) 


c 

( 131 .^) 

Ap 

(in.e) 

% 

(ln. 4 ) 

Ij 

C 

ijAp 

h 

a/ 

28 

0.10 

5 

1.0 

0.5 

0.0003004 

0.010690 

0.00003557 

0.073860 

0.010495 

0.02810 

0.04505 

1.9238 

29 

.10 

10 

1.0 

.5 

.0004671 

.058090 

.0001673 

.123860 

.057858 

.00804 

.02326 

3.7714 

30 

.10 

15 

1.0 

.5 

.0006337 

.167430 

.0004170 

.173860 

.167150 

.00379 

.01433 

5.5298 

31 

.20 

5 

1.0 

1.0 

.004807 

.172235 

.001427 

.297473 

.169101 

.02791 

.02785 

1.9110 

32 

.20 

10 

1.0 

1.0 

.007473 

.935830 

.006496 

.497473 

.932030 

.00799 

.01395 

3.7661 

33 

.20 

15 

1.0 

1.0 

.010140 

2.694380 

.016556 

.697473 

2.689905 

.00376 

.00881 

5.5294 

3 ^ 

.20 

5 

1.0 

1.5 

.004807 

.173475 

- .002180 

.299649 

.170301 

.02771 

.04194 

1.8967 

35 

.20 

10 

1.0 

1.5 

.007473 

.942460 

.010652 

.499649 

.938630 

.00793 

.02262 

3.7598 

36 

.20 

15 

1.0 

1.5 

.010140 

2.710770 

.026860 

.699649 

2.706258 

.00374 

.01416 

5.5285 

37 

.20 

5 

1-5 

.5 

.014796 

.343687 

.015668 

.446530 

.3253^ 

,04305 

.10209 

1.6319 

38 

.20 

id 

1.5 

.5 

.017462 

1.556624 

.067334 

.646530 

1.537663 

.01122 

.06691 

3.6786 

39 

.20 

15 

1.5 

.5 

.020129 

4.062619 

.157173 

.846530 

4.042998 

.00495 

.04570 

5 . 64 i 8 

40 

.20 

5 

1.5 

1.0 

.014796 

.347013 

.011470 

.454509 

.328^8 

.04264 

.07272 

1.5902 

kl 

.20 

10 

1.5 

1.0 

.017462 

1.577876 

.058254 

.654509 

1.558705 

.01107 

.05641 

3.6386 

42 

.20 

15 

1.5 

1.0 

.020129 

4.117756 
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Figure 1.- 


NACA TN No. 1433 
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strength of flanges of type A. 
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NACA TN No. 1433 




Figure 9.- Torsional buckling strength of flanges of type B. 
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Figure 10.- Most stable flanges drawn to scale of equal area. 



